An isolation method described by Possé et al. (FEMS Microbiol Lett 2008;282:124-131) was satisfactorily validated in an international ring-trial using artificially contaminated minced beef samples. Until now, no validated method existed for the simultaneous isolation of Shiga toxin-producing Escherichia coli serogroups O26, O103, O111, and O145 in food. Twelve laboratories from five European countries participated and received 16 inoculated beef samples contaminated with cold-stressed cells of the four serogroups O26, O103, O111, and O145 in two levels (approximately 30 and 300 CFU 25 g -1 ) in duplicate. In addition, they received four non-inoculated samples. The isolation protocol comprised a selective enrichment step, a selective isolation step on a non-O157 agar plate differentiating the serogroups by color, followed by confirmation by plating on confirmation agar media and agglutination. All laboratories were able to isolate the inoculated serogroups from the samples, both for the high and the low inoculation level. Results did not differ whether in-house-prepared or ready-to-use non-O157 agar plates were used, demonstrating that by following the instructions laboratories managed to perform the complete protocol with success.
Introduction

S
higa toxin-producing Escherichia coli (STEC) are a very important emerging group of foodborne pathogens, capable of causing the life-threatening complication hemolytic uremic syndrome (HUS). The majority of cases worldwide are caused by strains belonging to the serogroup O157, but infections caused by other serogroups (non-O157) have increasingly been reported (Bettelheim, 2007; Ethelberg et al., 2009; Schimmer et al., 2008) . According to a European Food Safety Authority (EFSA) report, the major serotypes of concern are E. coli O157:H7, O26, O91, O103, O111, and O145. Bovine beef is believed to be a major source of foodborne STEC infections for humans (EFSA, 2011) . Prevalence data of STEC in bovine minced beef were 2.3% in Europe in 2009 (EFSA, 2011) .
A standardized isolation method is available for serogroup O157, based on specific properties of E. coli O157 strains, like the inability to ferment sorbitol, and the resistance to bile salts, crystal violet, cefixime, and tellurite. Currently, for non-O157 STEC, no international standard method for isolation is available, mainly because of the lack of common phenotypic characteristics. At present, a Working Group (CEN TC275/ WG6) has drafted and submitted to International Organisation for Standardization (ISO) a real-time polymerase chain reaction (PCR)-based horizontal method for the detection of STEC belonging to O26, O103, O111, O145, and O157, including sorbitol fermenting (SF) STEC O157 serogroups in food (EFSA, 2009 ). However, positive samples still need confirmation by the isolation of the STEC strain, which remains a difficult challenge. For that, a non-selective E. coli medium (TBX, a tryptone-bile-glucuronic medium) was recommended for screening of colonies at random by PCR for the presence of the virulence genes. This is labor intensive, and colonies harboring the combination of the detected genes are frequently not found. However, the Working Group also proposed the use of selective media such as the non-O157 agar described by Possé et al. (2008a) .
Our research group focused on the development of a method for the isolation of the four clinically important non-O157 STEC serogroups belonging to ''the gang of five,'' namely STEC O26, O103, O111, and O145 (Beutin, 2006 ) from food and feces. Serogroup O91 was not included in the development of this method, as the incidence of HUS associated with this serogroup is low (Karmali et al., 2003) . An enrichment broth, a non-O157 agar, and confirmation agars for the biochemical confirmation of each of the serogroups were developed for these four STEC serogroups by Possé et al. (2008b) . The non-O157 agar plates are based on a mixture of carbohydrate sources and a chromogenic substrate for b-dgalactosidase, whereas the confirmation agars contain one specific carbohydrate source each. This isolation method was evaluated in a intralaboratory study for various food matrices and was found effective at recovering low numbers (4-36 CFU 25 g -1 ) of cold-stressed and non-stressed STEC serogroups (O26, O103, O111, and O145) from artificially contaminated minced beef and raw-milk cheese (Verstraete et al., 2012) . The aim of the present study was to validate the isolation method by an international ring-trial as the next step in the validation procedure. Minced beef samples were artificially contaminated with STEC O26, O103, O111, and O145, and analyzed by 12 participating laboratories in Europe.
Methods
Design of the trial
Twelve European laboratories from five countries (Belgium, the Netherlands, Denmark, France, and Norway) participated in the ring-trial. All laboratories had experience in the isolation of E. coli O157 from food matrices. Six weeks before the ring-trial, a workshop with demonstrations was organized to inform the participants about the design of the trial and all aspects of the isolation method, with special attention given to the colony morphology of the different serogroups on the non-O157 agar. At the end of the workshop, all laboratory products to prepare enrichment and isolation media were provided to the participants to further practice in order to become familiar with the protocol. Two weeks before the ring-trial, all laboratories received the laboratory products to prepare all necessary media, including the in-house-prepared non-O157 agar plates and the final standard operating procedure (SOP). For the actual ring-trial, each laboratory received 18 blind-coded 25-g minced beef samples, from which 16 were inoculated with one of the four STEC serogroups (O26, O103, O111, and O145) in two levels (30 and 300 CFU 25 g -1 ) in duplicate; two were non-inoculated samples used as blank references. In addition, two non-inoculated samples were provided: one for temperature registration (sample T) and one for bacterial counts of background microbiota (sample C). A sufficient number of ready-to-use non-O157 agar plates, prepared in laboratory N (Ghent University, Department of Veterinary Health and Food Safety); the serological latex test kits for serogroups O26, O103, O111, and O145 (Statens Serum Institut, Copenhagen, Denmark); and a reporting sheet were sent together with the samples. Sample analysis was to start 2 days after shipment. The reporting sheet with the obtained results was to be returned by all laboratories. Participants were asked to detail all their remarks and any additional information that could have influenced their results.
Preparation of inocula
Artificial inoculation was performed with STEC strains belonging to serogroup O26 (MB2674), O103 (MB2653), O111 (MB2678), or O145 (MB2676) originating from human clinical infections in Belgium and kindly donated by the Belgian national VTEC reference laboratory. Strains were stored at -80°C using Pro-Lab Microbank cryovials (Pro-Lab, Ontario, Canada) according to the manufacturer's instructions and cultured on Tryptone Soy Agar (TSA; Oxoid, Ltd., London, UK) at 37°C for 24 h. From each culture plate, one colony was transferred into Tryptone Soy Broth (TSB; Oxoid) and incubated at 37°C for 24 h. For stress treatment, 5 mL of the stationary phase cultures was kept at 4°C for 7 days (cold-stress). On day 6 of cold-stress, the number of E. coli cells was determined by plating 10-fold serial dilutions made in Buffered Peptone Water (BPW; Oxoid) on TSA in duplicate, and incubated at 37°C for 24 h. Based on the enumeration, the appropriate volumes for inoculation were calculated. After 7 days of cold-stress, the cultures were 10-fold serially diluted in BPW (Oxoid) and used for artificial inoculation of subsamples. At the same time, the diluted cultures were plated on TSA (Oxoid) in duplicate and incubated at 37°C for 24 h to estimate the number of inoculated cells.
Sample inoculation and shipment
All samples originated from one batch of fresh minced beef, which was purchased from a local butcher in Ghent and which first tested negative for STEC O26, O103, O111, O145, O157 NSF, and O157 SF using the isolation method as described by Possé et al. (2008b) . Twenty-five-gram subsamples were transferred to stomacher bags with filter. Based on the quantification of the cold-stressed STEC cultures, appropriate volumes of the 10 -6 diluted bacterial culture were pipetted into the center of the samples, to obtain contamination levels of 30 CFU 25 g -1 and 300 CFU 25 g -1 minced beef for each single serogroup in duplicate. Packages were prepared to provide a complete set of 20 samples for each laboratory. A sufficient number of ready-to-use non-O157 agar plates and serological latex test kits (Statens Serum Institut) were included. Samples were packaged according to the European legislation UN2814 with addition of thermo ice-blocks and an insulating packaging to ensure cooled transportation. Sample packages were stored at 4°C for 3 h before shipment.
STEC isolation procedure performed by the participating laboratories All other samples were 1/10 diluted by adding 225 mL of TSB (Oxoid), subsequently homogenized by stomaching for two minutes and subjected to the isolation protocol based on Possé et al. (2008b) and described in the SOP. The protocol, which is presented in Figure 1 , included a sample enrichment, a consecutive isolation on a non-O157 agar with differentiation of the different serogroups by color (Fig. 2) and confirmation on confirmation agar plates, followed by serology using agglutination. Briefly, 8 mg L -1 novobiocine (Sigma, St. Louis, MO) and 16 mg L -1 vancomycin (Sigma) were added to the TSB enrichment broth. After 6 h of a first enrichment step at 37°C, 2 mg L -1 rifampicin (Sigma), 1.5 g L -1 bile salts (Oxoid), and 1.0 mg L -1 potassium tellurite (Sigma) were added to the first enrichment broth to prepare the second enrichment broth, and incubation was continued at 42°C for 18 h. Post-incubation, 100 lL of the second enrichment broth was spread on the non-O157 agar plates using an inoculation loop, with subsequent incubation at 37°C for 24 h. Colonies were evaluated based on their general appearance and color, and suspected colonies were streaked onto two of four specific confirmation agar plates according to the scheme given in Figure 1 . Only if the color of the colony was in accordance to the scheme, the colony remained suspected. Finally, colonies were confirmed by serology using latex test kits for serogroups O26, O103, O111, and O145 (Statens Serum Institut).
Statistical analysis
The ring-trial results were analyzed statistically according to the recommendations of EN ISO 16140 (ISO, 2003) . The diagnostic sensitivity was defined as the percentage of positive samples giving a correct positive signal. The diagnostic specificity was defined as the percentage of negative samples giving a correct negative signal. Accordance (repeatability of qualitative data) was defined as the percentage chance of finding the same result, positive or negative, from two identical samples analyzed in the same laboratory under predefined repeatability conditions. Concordance (reproducibility of qualitative data) was defined as the percentage chance of finding the same result, positive or negative, from two identical samples analyzed in different laboratories under predefined reproducibility conditions. These calculations take into account different replications in different laboratories by weighing results appropriately.
The bacterial counts of the background microbiota of the minced beef were log-transformed prior to calculations. 
Results
Artificial inoculation
The non-inoculated subsamples were found negative for the four STEC serogroups by all laboratories. Inoculation levels are detailed in Table 1 and ranged from 25-33 CFU 25 g -1 for the low level to 264-411 CFU 25 g -1 for the high level.
Temperature registration and bacterial counts of background flora at receipt
Most laboratories received the samples on the same day of shipment (six laboratories), four laboratories on the next day, and only one laboratory each on the second or the third day after shipment. Ten of 12 laboratories registered sample temperatures of £ 5°C. Two sample sets reached temperatures of 6°C and 9°C due to a prolonged transportation. The background microbiota included 5.9 -0.2 log CFU g -1 aerobic mesophiles, 5.0 -0.3 log CFU g -1 Enterobacteriaceae, and < 1.0 log CFU g -1 E. coli.
Results of the trial
All inoculated samples were found positive for the corresponding STEC serogroup (Fig. 2) , both for the low and the high inoculation level (Table 1) . As a result, 100% sensitivity was reached for the ring-trial. On the other hand, all noninoculated samples were reported negative, leading to 100% specificity of the ring-trial. As a consequence, both accordance and concordance of the ring-trial were 100%.
Ten laboratories used both ready-to-use and in-house-prepared non-O157 agar plates, one laboratory used only readyto-use non-O157 agar plates, and one used only in-house-prepared non-O157 agar plates. Results did not differ between ready-to-use and in-house-prepared non-O157 agar plates.
Difficulties in the interpretation of the confirmation agar no. 3 containing d-arabinose (Fig. 1) were reported by different laboratories (n = 3). More specifically, serogroup O103, which were expected to be negative on the confirmation agar no. 3, and O111, which was expected positive on the confirmation agar no. 3, were both reported negative by one laboratory and were both reported positive by one laboratory; one laboratory could not interpret the results of this agar plate for both serogroups.
Discussion
All 12 participating laboratories in the international ringtrial successfully isolated both low (30 CFU 25 g -1 ) and high
FIG. 2.
Growth of Shiga toxin-producing Escherichia coli (STEC) cells and background microbiota on the non-O157 agar (Possé et al., 2008a) for the recovery of STEC serogroups O26 (a), O145 (b), O111 (c), and O103 (d) from artificially contaminated minced beef in an international ring-trial. STEC O26, O145, O111, and O103 are present as purple, green, blue, and blue colonies, respectively. The background microflora is not present as single colonies, but overgrown by STEC in the confluent zone.
RING-TRIAL FOR VALIDATION OF STEC ISOLATION METHOD
(300 CFU 25 g -1 ) levels of cold-stressed STEC O26, O103, O111, and O145 artificially contaminated into minced beef based on a selective enrichment followed by a selective isolation and confirmation on a non-O157 agar and confirmation agar plates described by Possé et al. (2008a) , with subsequent serology testing. All non-inoculated samples were reported negative. Eleven out of the 12 laboratories used in-house-prepared non-O157 agar plates. Therefore, it was demonstrated that the method is applicable throughout different laboratories, including the preparation of all media. The current method aimed at isolating the four most important clinical non-O157 serogroups (O26, O103, O111, O145) on a single non-O157 agar plate (Possé et al., 2008a,b) . This is a large improvement as isolation methods previously described target only one or two non-O157 STEC serogroups; for instance, an isolation method described by Hara-Kudo et al. (2002) specifically targeted O26, and an isolation method described by Safarikova and Safarik (2001) specifically targeted O26 and O111. Furthermore, a serogroup indication was provided directly on the plate by interpretation of the colony colors of the isolate on the non-O157 agar and confirmation agar plates. As a result, isolation as well as identification is achieved by a classical culture method combined with latex agglutination serology, with the advantage of directly obtaining the STEC isolate and the exclusion of molecular PCR steps. During the current ringtrial, food preservation conditions were simulated when preparing the artificially contaminated samples in order to validate the method for food analysis. To our knowledge, this is the first non-commercial isolation method for non-O157 STEC in food that is validated by an international ringtrial.
The numbers of aerobic mesophiles and Enterobacteriaceae were reported similar for all laboratories. Therefore, all laboratory results could be included in the study, notwithstanding the excessive duration of the shipment and the sample temperature at receipt (up to 9°C) for two laboratories. The only problem of the method reported in the ring-trial was that the confirmation agar no. 3 containing d-arabinose was found difficult to interpret. However, serogroups O103 and O111, which both produce blue colonies on the non-O157 agar, can be differentiated on the basis of agar no. 2 alone, as these serogroups also differ in the ability to ferment dulcitol. As a consequence, the confirmation agar no. 3 containing d-arabinose can be eliminated from the protocol.
In a previous study, the high sensitivity of the current detection and isolation method had already been demonstrated, as low levels (approximately 10 CFU 25 g -1 ) of coldstressed STEC O26, O103, O111, and O145 were successfully isolated from minced beef (Verstraete et al., 2012) . Similar detection limits were described in the literature for STEC O26, O103, O111, and O145 isolation from food (Hara-Kudo et al., 2002; Perelle et al., 2004; Possé et al., 2008b) . In addition to its application for a wide range of sample matrices, varying from food (Verstraete et al., 2012) to cattle feces (Verstraete et al., 2010) , this method was shown to be applicable by different laboratories as a result of our international ring-trial. Number of samples with the expected result per number of samples tested. All laboratories used both in-house-prepared and ready-to-use non-O157 agar plates, except laboratory G, which used only ready-to-use non-O157 agar plates, and laboratory N, which used only in-house-prepared non-O157 agar plates.
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